Lactose metabolism and cellulase production in Hypocrea jecorina: the gal7 gene, encoding galactose-1-phosphate uridylyltransferase, is essential for growth on galactose but not for cellulase induction.
Lactose is at present the only soluble carbon source which can be used economically for the production by Hypocrea jecorina (= Trichoderma reesei) of cellulases or heterologous proteins under the control of cellulase expression signals. However, the mechanism by which lactose triggers the formation of cellulases is unknown. To enhance our understanding of lactose metabolism and its relationship to cellulase formation, we have cloned and characterized the gal7 gene (for galactose-1-phosphate uridylyltransferase) of H. jecorina. The gene encodes a polypeptide of 43.8 kDa, the sequence of which exhibits a moderate level of identity (about 50%) to that of the Gal7 proteins of Saccharomyces cerevisiae and Kluyveromyces lactis, and contains an active-site signature typical for galactose-1-phosphate uridylyltransferase family 1. H. jecorina gal7 is not clustered with other genes of galactose metabolism. A single 1.7-kb transcript is synthesized constitutively during the rapid growth phase and accumulated to twice this level during incubation in the presence of D-galactose and L-arabinose and the corresponding polyols (dulcitol, arabitol). A gal7 deletion mutant, constructed by replacing the gal7 reading frame by the H. jecorina pyr4 gene, was unable to grow on D-galactose between pH 4.5 and 7.5, thus proving that in H. jecorina gal7 is essential for metabolism of D-galactose, whereas the growth rate of the mutant on lactose was only reduced by about 50%. The rate of formation of cellobiohydrolase Cel7A and the abundance of the corresponding (cbh1) transcript during growth on lactose was only slightly lower in the absence of gal7, but a significant delay in decay of the cbh1 transcript was noted during later stages of growth. The results suggest that H. jecorina uses only the Leloir pathway for metabolism of D-galactose and lactose. Furthermore, we conclude that metabolism of lactose past the galactose-1-phosphate step is not essential for cellulase formation.